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Gene therapy has been In a continuous woluflonary procett since the first approved trial 
occufT^d In 1990 at the NctfonaJ Institute of Health. In m* USA, a* Of March 2004. there were 
619 approved gene rherapy/tofufer protocols and 405 of mete were tor cancer treatment. 
Another 294 trial* are In progress worldwide, with most concentrated In Europe. However, 
cancer cjefte therapy Is In Its rotative infancy when compared with the woltestabJlshed use 
or chemo-raflotheropy for hooting cancer. As the QekJ develop* It is becoming clear that 
using gene therapy In conjunction with established chemo^adlotherapy approaches b 
yielding the best result*. Thfc concept shall be reviewed In the context of the status of the 
Held, and a future direction based on o combination of gene therapy with small molecule 
mocRflcatton of spNngollpW metabolism shall be discussed. 



■mea 



lane 



The potential & the problems 

With the availability of the human genome 
sequence and continuing development of 
bioinfbrmatic tools to analyze it, our under- 
standing of the causes of cancer is rapidly 
e xp a n di ng . One of the main objectives of this 
research is to identify specific genetic aberra- 
tions and develop new therapeutic strategies and 
compounds that dlrecdy target both genetic and 
biochemical causes of malignant transforma- 
tion. "With respect to cancer gene therapy, treat- 
ment options have already, greatly expanded. 
However our ability to eradicate cancer by 
delivering a corrective signal to every cdl in the 
tumor remains problematic Thus, studies on 
the delivery of therapeutic genes and how to 
amplify their therapeutic efficacy in 
combination with drugs or radiation are 
urgently required. 

This review describes gene therapy 
approaches using p53 gene replacement or 
adenoviral vectors that replkate preferentially in 
cancers in both mono- and combination ther- 
apy formats. A discussion of the stress response 
and sphingoUpid metabolism in tumor cells is 
included The Authors conclude by contemplat- 
ing the future potential of treatment? that over- 
come the failure in 41.6% of prostate cancer to 
downregulate ceramide, a major tumor suppres- 
sor lipid, by using small molecule inhibitors of 
acid ccramidase combined with Fas ligand 
(FasL) gene therapy; 

p53 & Its family members 

The most frequent genetic alterations in head 

and neck squamous cancer cells (HNSCC) arc 



mutations in the p53 tumor suppressor gene 
[101 1, p53 is a sequence-specific transcriptional 
activator that plays an important role in the 
regulation of cell cycling, apoptosis and DNA 
repair p53 becomes stabilized in response to 
DNA damage and can trigger both growth arrest 
and apoptosis depending on the extent and type 
of DNA damage inflicted on the cell twj- Over 
50% of human cancers in general and up to 70% 
of HNSCC have been reported to have ^53 gene 
aberrations [5J. Fujrthermorc mutations in the 
p53 gene are present in approximately 20% of 
pre malignant head and neck lesions suggesting a 
role for p5£ in the early stages of HNSCC devel- 
opment kj. Although pS3 mutations appear to 
arise less frequently in primary prostate cancer 
f7j, they occur frequently in metastatic disease (a). 
Finally, in most cases, p53 gene therapy appears 
to work in HNSCC and prostate cancer 
regardless of their p53 status two). 

aimed trials for cancer treatment: 
gene therapy 

Recent clinical data from studies utilizing gene 
therapy for the treatment of cancer have shown 
promising results, particularly those strategies 
utilizing either adenoviral delivered wild-type 
p33 or replication<ompctcnt adenoviruses [u~uj. 
Adenoviruses arc double-stranded DNA viruses 
that are widely used as vectors tor gene therapy 
due to their superior ability to transfer genes 
m vivo* as well as their broad tissue tropism U5). 
In the USA, Inoogen Therapeutics, Inc. has 
created adenoviral p5B gene therapy INGN 20 1 
(Advcxin*) that is currently undergoing clinical 
development for the treatment of a variety of 
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cancer types, including head and neck cancer [\6\ 
and prostate cancer [I0]. INGN 201 is a new 
investigational drug, granted designation as a 
Fast Track Drug Product by the US Food and 
Drug Administration (FDA) on September 17, 
2003 after it had previously been given orphan 
drug statu* As of June 2004, 445 patients have 
been treated with INGN 201 in 14 difFerenr 
Phase I, II and HI clinical trial* [\t). In three of 
these trials. INGN 201 wsw combined with 
chemo- or radiation therapy [u,u,i8]. 
Combination therapy appears more efficacious 
than viral monotherapy. 

China became the first country to approve 
commercial production of ail adenoviral-bascd 
Adp53 therapy (Gendidne) for the treatment of 
cancer (>?). The company involved, Shenzhen 
Sibiono GcnTech, obtained the license from the 
State Food and Drug Administration of China 
(SFDA) on October 15, 2003. 

China has an estimated 250*000-300.000 
new cases of HNSCC per year, with a similar 
number also seen in India pog. In the USA, 
approximately 40,300 cases of HNSCC occur 
each year with 11,700 associated deaths (£1. 
Alcohol and tobacco are believed to be the main 
etiological factors in the development of 
HNSGC, but diet, viral infection and oral 
hygiene have also been suggested to play a rote. 
Sibiono states that in their clinical trials for 
HNSCC, the cost per patient is US$360 per 
dose and they administer 6 to 10 doses of 
1 x 10 12 viral particles for a toral cost of approx- 
imately US$3600. In the USA, Introgcn Thera- 
peutics estimate* that the cost for an Adp53 
regimen in HNSCC is approximately 
US$20,000. Clearly, the number of HNSCC 
patients worldwide projects an excellent 
commercial market for companies who 
successfully establish this therapeutic approach. 

There is an accumulating body of evidence in 
both the USA and China to suggest that the p53 
gene therapy approach is having reasonable 
efficacy in patients with HNSCC In the Sibiono 
trials, viral administration is by an orthotopic 
injection route directly into the tumor, The data 
from these trials is soil unpublished as of 
September 2004, but was presented in abstract 
form at the American Society of Gene Therapy 
in June 2003 \z\U In both the American and Chi- 
nese gene therapy trials, inclusion of a second 
arm of radiation or chemotherapy led to the 
generalized conclusion that the combined 
approach is significandy more efficacious than 
the virus alone [tBJi-ztii. 



Clinical studies of INGN 201 
Clinical studies of INGN 201 In HNSCC in 
humans alone, or in combination with DNA~ 
damaging agents, arc currently being carried 
out. Generally, adenovirally-delrvered p53 has 
been observed to be safe and well tolerated. 
However* early studies demonstrated limited 
antitumor responses Us»25»27»2B|. For example* in 
a Phase I study of 33 patients with bulk 
HNSCC, significant clinical response was 
observed in nine of 18 clinically evaluable 
patients. Interestingly, systemic Adp53 DNA 
was present transiently* for less than 48 h, and 
was detected in blood, urine and sputum. In 
another study, intratumoral Adp53 was admin- 
istered to 30 patients with recurrent HNSCC, 
and the results demonstrated clinical activity 
characterized by apoptosis, inflammation, 
increased p53 expression and necrosis of the 
tumor tissue. In another Phase II trial using 
INGN 201 as single-agent therapy for patients 
with recurrent HNSCC, five out of 90 (6%) of 
individuals evaluated achieved a complete or 
partial response, where the disease; was stabilized 
in another 20% of the patients 111,2*3. However, 
this strategy did not result in the complete erad- 
ication of tumors. Later studies demonstrated 
that combination therapy with chemotherapcu- 
rjc drugs or ionizing radiation significantly 
enhanced the therapeutic response to wild-type 
p53 gene therapy [16^91 

Conditionally repUcattve adenovirus 
therapy of HNSCC 

Another strategy directed at the p53 pathway, 
although more a viral therapy approach, is the 
ONYX-015 trial for HNSCC This adenovirus 
expresses ElA but lacks E1B 55K and has been 
shown to replicate within tumor cells lacking 
wild-type p53, resulting in their lysis [30]. Inter- 
action of E1B 55K with p53 has been shown to 
inactivate p53 allowing viral replication. There- 
fore, it has been suggested that BIB 55K-<leleted 
ONYX-015 would be unable to degrade p53 in 
normal Cells and thus be unable to replicate effi- 
ciendy, while cancer cells lacking p53 function 
would be susceptible to viral replication and 
subsequent cytolysis 

Phase I and It clinical trials were carried out 
using intratumoral injection of ONYX-015 into 
recurrent and refractory head and neck carcino- 
ma* (11.I3JU3I. Selective intratutooral replication 
was shown in most HNSCC biopsies. Normal 
cells were not significantly affected ONYX-015 
has been used to treat over 258, including 99 
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HNSCC patients, in approximately 15 clinical 
trial* ranging from Phase I to 11 [131, Although 
no maximally tolerated doses (MTDs) have been 
identified, the virus has been well tolerated at 
doses up to 2 y 10 t2 particles administered 
through intra tumoral, intraperitoneal, he park 
arterial and intravenous routes. Viral replication 
was tumor selective, but replication varied 
between tumor types, as they differ in pcrrnU- 
siveness for vital Infection and replication- The 
associated adverse events (AEs) were flu4ifcc in 
nature and were independent of dose 132-34). 
Although the safety of ONYX-015 has been 
established, the single-agent efficacy remains 
limited. In two Phase II trials involving patients 
with recurrent head and neck cancer* even 
aggressive treatment with several needle passes a 
day for 5 days only resulted in an unconfirmed 
response rate of 14% t»l- However, clinical data 
has shown that the efficacy of ONYX-015 is 
greatly increased through combination with 
chenK>thexapeutic agents, such as irinotecan 
(CPT-11) or 5-fluorouracU (J-FU) IM). Further 
studies are necessary to determine whether there 
is a potential synergy between these two 
treatments. 

There is controversy regarding ^iJ-dependent 
specificity of ONYX-015. Initially it was 
reported that the virus specifically targeted p53 
mutant tumor cells in pitro and in vivo. How-, 
ever, several tumor cell lines having normal p53 
gene status were also found to be sensitive to 
ONYX-015 and it was suggested this could.be 
due to other mechanisms of loss of p53 function 
besides mutations [351. ONYX-015 lacks ElB 
55K, however, it still contains ElA, whkh has 
been shown to have potent tumor suppressive 
properties 136]* Moreover, ElA has been shown to 
sensitize cancer cells but not normal cells to 
chemotherapy, and this effect was independent 
of p53 in some models \yr\. In a Phase I clinical 
trial, the adenovirus ElA gene was delivered via 
intxacumoral injection by Lipoplcx, a canonic 
DC-ChofcDOPE Uposotne-bascd delivery sys- 
tem {DCC-E1A) in patients with recurrent head 
and neck cancer, and was found to be safe [3s). 
Another Hposome-based gene therapy system for 
breast, and head and neck cancer xenografts also 
involved the use of ElA (39). his therefore possi- 
ble that the tumor suppressive properties of 
ONYX-015 arc at least partly mediated by the 
presence of El A. 

tn a different viral approach, a highly purified 
strain of Newcastle disease virus, PV701, 
selectively killed tumor cells with defects in the 



interferon (lFN)-rncdiaCcd antiviral response fiq. 
Such defects are commonly found in a variety of 
rumor types, as they confer growth and survival 
advantages to the tumor cells. A total of three 
Phase I trials using systemic administration of 
PV701 as a single agent have been performed in 
order to characterize and improve the manage- 
ment of AEs* and to optimize dose and dosing 
schedules for future Phase II trials FV701- 
induced AEs include flu^like symptoms, rumor- 
si te-$pedfic effects and AEs resulting from 
admirustration No]. The first dose of PV701 led 
do a decrease in toxicity, and this desensirization is 
an important aspect of PV701 clinical 
development. 

CUntcal trials for cancer treatment; 
oncolytic viruses In prostate cancer 

The prostate represents an excellent system for 
the development of gene therapy, since the 
primary tumor site is easily accessible, the pros- 
tate is an expendable organ, and a reliable circu- 
lating marker for the disease, prosttoe-specific 
antigen (PSA), is readily available [46). A variety 
of human cancers are cunendy being treated 
with adenoviral delivered p53 oncolytic viruses, 
with promoters including prostate-specific prO- 
basin promoter (41). Another adenovirus, CV706 
is a replication-competent, Ed-dclctcd, cytolytic 
Ad5- based virus that uses PSA promoter-regu- 
lated replication. CV706 has been shown to 
selectively kill human prostate cancer cells in 
preclinical models [151. DeWeese and colleagues 
performed a Phase I clinical trial using intrapros- 
taric delivery of CV706 to determine the safety 
and antitumor activity in patients with locally 
recurrent prostate cancer following radiation 
therapy u>j. The results of this study showed that 
CV706 delivered through intra prostatic injec- 
tion was safe and not associated with any irre- 
versible grade 3 Or 4 toxicity. Furthermore, none 
of the patients experienced higher than grade 1 
elevation of liver transaminase. The study also 
provided evidence of CV706 activity. Scrum 
PSA levels, which are known markers of disease 
activity and burden, were reduced in all patients. 
There was evidence of a do$e-~re*ponsc relation- 
ship, as those patients receiving the highest doses 
of CV706 had greater reductions of scrum PSA 
levels. Of the five out of 25 patients (25%) with 
a 50% or greater reduction in scrum PSA, four 
achieved a partial recovery sustained for at least 
4 weeks, with a mean and median duration of 
6.6 months. These results suggest that CV706 
treatment has potential for disease stabilization. 
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Figure 1. Ceramitfo metabolism in normal and cancerous cells. 
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Ceramide - tumor suppressor lipid; SIP - tumor promoter lipid. 



Prodrug therapy of prostate cancer 
A different gene therapy approach involving 
prodrug bystander therapy has been directed 
towards the treatment of prostate cancer. Freytag 
and colleagues [42] have recendy reported the 
results of a Phase 1 clinical trial involving intrap- 
rostatic injections of a lytic, rcpljcauon-axnpe- 
rent adenovirus (Ad5-CD/TKnp) that delivers a 
cytosine deaminase (CD) and herpes simplex 
virus*! thymidine kinase (TK) fusion gene to 
malignant cells (11). Both CD and TK, when 
expressed, cause cancer ceils m become more 
sensitive to certain pharmacological agents and 
radiation. Vector delivery was followed by 1 or 
2 weeks of prodrug therapy with 5-fluorocyto- 
sine (5~FC) and ganciclovir (GCV). Signifi- 
cantly; 94% of the AEs were grade 1 or 2, and all 
hrpatotoxic events were transient in nature. The 
results of this trial also demonstrated biological 
activity; as seen by decreases In serum PSA leveb 
and histological evidence of tumor destruction. 
This double suicide gene therapy approach has 
potential as an effective adjuvant co radiation 
treatment and chemotherapy. 

Strew-regulated ceramide regulation ft 
deregulation In prostate cancer 

Cancer cells in a growing tumor are subjected to 
multiple modes of stress including anoxia, 
nutrient deprivation and immune attack* Such 



insults lead to induction of ccramide, which in 
normal cdls results in ceil cycle arrest and/or cdl 
death (ar^ptosis or necrosis) 143). However, the 
constantly changing genomes of cancer cells and 
the selective pressures involved in Successful 
tumor formation generate escape mechanisms to 
surmount this homeostatic control point. One 
way to escape is to ensure that if ccramide is 
upreguUted by stress, it is also rapidly removed 
by sphingolipid metabolizing enzymes. This 
appears ro be occurring in prostate tumors, 
which when analyzed for acid ceramidasc (AC) 
expression, revealed that 41.6% of the samples 
showed increased levels of acid ceramiduc 
mRNA [44]. The percentage expressing AC 
increased with Gleason grade, thus, in prostate 
cancer a significant fraction of tumors have the 
potential ro survive stress-induced ccramide by 
overexpression of AC Although other enzymes 
exist to remove ceramide (Kgun 1) (43), AC seems 
to be highly relevant in human prostate {44]. 

CeromlcJase 

The family of ceramidases includes acid 8p22- 
p21.3. oeucial lOqll^X and alkaline 19pl33 
species [44-4«], Human acid ccramidasc maps to 
8p22, a region of chromosome 8 frequently 
deleted in prostate cancer [49]. Ceramidases 
catalyze the deacylation of ceramide yielding 
sphingosine and free fatty acids (46). 
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Figure 2. A dose-response curve to acid ceromidase inhibitors 
LCL102 and LCL204, 




DU145(1 x 104) seeded 0/N in 2% FBS RPML The next day media was changed 
LCL102 or LCL204 was added in < 0.1% ethanol for 24 h and cytotoxicity was 
analyzed by Ceimter 96* AOueous One Solution Cell ProSferation Assay (MTS, 
Prornega). Each point in both curves is normalized to vehlde alone treated cells. 



Sphingroine-I -phosphate (SlP) is the product 
of phosphorylation of Sphingosine, by sphingo- 
sine kinase 1 or 2. SIP is broken down by 
sphingo*ine-pha$pharc phosphatase and/or by 
sphingoaine-phosphate ryasc, SIP bind* 
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Ficjure 3. Sensitization of DLJM3 c<?Hs to AdGFPKir.L virus by 
LCL-204 over 24 h. 
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DIM 45 cete were seeded in 1 x 104 cells per wdl in 9cVvwl plate in 50>URPMt 
supplemented with 2% FBS In 50 ul. Then SO ^ of media was added with LCL- 
204 to reach a total volume of lOQul. Cells were riai bated for 48 h at 37'C in 
5% C0 2 . Media was tep^9ce6 with lOOul of media containing the AdGFpFasCflET 
at the indicated MOI and cells were indicated for 24 h, the CelrTrter 96* 
Aqueous One Solution CeH Proliferation Assay {MTS, Promega) was used to 
cakjufote the cytotoxicity following the manufacturers protocol. 
ETOH: Ethanol; FBS: Fetal bovine serum; MOJ: Multiplicity of krfectlon. 




members of the G-protcin-coupkd receptor 
family, namely the Edg receptors, recendy 
renamed SIP receptors fc©]. It then mediates 
several biologic activities. These include 
autogenesis* cell survival, adherence junction 
formation, endothelial cell morphogenesis into 
capillary-like structures, and angiogeneau, uc» 
it is antiapoptotic [43). Conversely, blocking 
acid ccramidase function may reverse this 
process by increasing ceramide levels and pro- 
ducing a pro-apoptotic phenotypc. Strelow and 
colleagues support this rinding fsn. In their 
report, they document that overexprcssion of 
acid ccramidase protects tumor cells from 
TNF-a-induccd cell death. 

FasL-reslstant phenotypos 
Studies from the authors 1 laboratory have 
previously shown that adencviral-incdiated 
delivery of a green fluorescent protein (GFP) 
FasL fusion protein overcomes resistance to Fas- 
mediated apoptosi* in DU145 prostate cancer 
(PCa) cells [571. It was also determined that this 
resistance is due to overexpression of anuapop* 
totic proteins such as cFLIPs As discussed 
earlier, acid ccramidase is upregulated in PCa cell 
lines PC-3, LNCaR and DU145, as well as 
41.6% of primary prostate tumors studied [44]. 
Treating DU14? cells with acid ccramidase 
inhibitors LCL102 and LCL204, results in dose 
and cime-dependent cell death at micrornolar 
concentrations (fipn2). The authors' recent 
work has focused on this by examining the 
mechanism of action of LCL204 and how it 
appears to sensitize cancer cells to both AdGFP- 
FasL and to exogenous Fas signals induced by 
CH-11, FasL (Alexis) and apoptotk vesicle and 
thus creating a tumor mote susceptible to 
bystander-mediated events. The authors' studies 
reveal the initiation of powerful lysosome-mcdi- 
ated signaling that appears to work through the 
intrinsic (Type II) mitochondrial pathvvay to 
apoptosis. Preclinical Studies are underway to 
move this therapy into a Phase I clinical trial. 
These studies are important due to the delivery 
limitations widely observed in cancer gene ther- 
apy trials paraculariy using replication 
incompetent viruses [5-<-*fl, 

Overcoming gene delivery nmlfaflona 

One of die problems with cancer gene therapy as 
it is currently practiced is the issue of delivery of 
gene therapy vectors to every tumor cell in order 
to affect the death of the tumor This can 

be overcome to an extent if the therapy induces a 
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bystander activity wir&n the tumor bed tM*57J, 
These studies dcmomEratjc, following 
administration of AdGFPfedL, char bystander 
activity is mnrtt a tn d by *popto6c vesicle* 
expressing RuL (>7J, 

Although it is unknown if PCa cells ht vivo are 
resistant to FasL-mcdiatcd apoptosis, Hycr and 
colleagues have shown thai in vitro, certain types 
of cell lines including DU145 PCa cells arc 
highly resistant to the exogenous application of 
either FasL, monoclonal antibodies that arc FasL 



agonists or bystander vesicles ft*]. This led to 
attempts to devise molecular approaches that 
would sensitize tumor cells to the bystander 
effects in order to achieve multiple cell lulling in a 
solid tumor in which, ac best, 30% of the ceils are 
infected by the virus. The authors* laboratory has 
been able to demonstrate chat add ceramicUse 
inhibitors appear to sensitize the cells to this type 
of cell death (Hcun 3). This led to an in pitto 
experiment in which prostate cancer xenografts, 
in this case DU145 cells, were grown in nude 



Glnltml ttfpstorcaiuxr 

• Results from dincal trials look promising. 1 



Executive nummary 



• There are ample numbers of targets for gene thera py, but the science of delivery needs further development. 

*3M*mfortymmbm* I .; v>-"\ : - 

• The most frequently observed genetic defect in head and neck squamous cell cancer (HNSCC) are mutations \np53. Early lesions 
In p$3 suggest a role in prernalignancy. 

• In prostate cancer (PCa), pS3 mutations appear more associated with metastatic disease. 

• Adp53 therapy works in both HNSCC and PCa, regardless of p53 status. 

.S:'-;^W' ' ' • ' ■ . - .. 

ere are two leading candidate viruses for delivery of p53, Gendldne and AoVexm. 

• Gendtcine has approval from the State Food and Drug Administration of China (SFDA). 

• Advexln has US Food and Drug AoVninttratton (FDA) fast trade status, 

• There is a large Asian market for these biological therapies, 

• Adp53 injection coupled with chemo- or radiotherapy gives the best response. 

*^[in»caTsu^ ' ' JS ^* % ' 

• Single agent therapy is not as effective as combination therapy 

• Use of adenoviral therapy with viruses that replicate predominantly in tumors has been studied. Viruses were v^lVtolerated * 
but the response rates were tow. Combination therapy was more effective. 

• Oncolytic viral therapy with a prostate^speafic adenovirus has been carried out with no grade limiting toxicity. Limited efficacy 
was observed. 

f+^rtwthcnpytf prostate etneer . 

• Bystander therapy using a pro-drug approach has potential as an effective adjuvant to radiation or chemotherapy. 

• Cellular stress will induce formation of the tumor suppressor lipid ceramide- Ceramide induces cell cyde arrest and apoptosis. 
At least 42% of primary prostate cancers overexpress add ceramidase, whkh metabolizes ceramide to sphingosine. This is 
believed to lead to an anti-apoptotk phenotype and improved cancer cefl survival. 

H$toMf-f9$ii ttiit phwnatypt s * . . 

• A large percentage of HNSSC and PCa ceils are resistant to Fas ligarid (Fasljhinducecl apoptosis. However, if Fastis "expressed' 
intra eel Marly, resistant tumor cells undergo apoptosis. 

• Resistance to Fast can be reduced using an add ceramidase inhibitor. 

• When combined with adenovf rai-mediated FasL expression, a higher percentage of cells undergo apoptosis at a lower dose of 
virus. 



Coridi&om & tutor* ptrsptctiv* ; ' ' . 

* Gene therapy trials started in 1990. Success is already seen for somatic cell therapy of terminal illnesses such as severe combined 
immunodeficiencies. 

* Cancer gene therapy is the most widely applied therapy with an estimated 40C0 patients having received treatment 

» The most successful cancer gene therapy seems to occur in combination with current standards of care, such as radiation or 
chemotherapy. Most of these therapies modify intracellular ceramide metabolism. 

* tt is the authors' belief that combining gene therapy with drugs designed to Increase intracellular ceramide will translate 
successf utry to the dink and be efficacious in both PCa and HNSCC treatment protocols. 
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mice and created sequentially with the add 
ceramidase inhibitor LCL204 followed by the 
AdGFPFasL virus: The efficacy of this approach 
w** dearfy demons crated [MuM-otpc m Pnpiadoa]. 
The importance of this is twofold: first, ortho- 
topic administration of the AdGFPFasL virus 
does not result in anysyitemk toxicity as judged 
from the published data (>«], second, the 
administration of up to 75 mg/kgof LCL204 has 
no observable effect on the animal fUb^mdbiiivcd r>«aj. 
When combined, these two molecules effectively 
reduce the tumor burden and yet, at the same 
time, leave the animal in overall good health. 
Thus, a potentially promising gene thctapy/smaU 
molecule approach for treatment of solid tumors 
a underdevelopment 

Conclusions & future perspective 

It is generally believed that in 1967 Joshua 
Lederberg and Edward Tatum were the first to 
provide a framework for performing gene ther- 
apy 159)- However, the first sanctioned gene 
therapy trial did not take place until September 
14, 1990 at the National Institute of Health 



l«M02). Although failures such as at Institute for 
Human Gene Therapy at the University of 
Pennsylvania, and more recently the leukemia- 
like syndrome in the SCID-X1 trial* make the 
biggest headlines, we are beginning to see suc- 
cess in the field, particularly in cancer trials that 
Use Adp53 in combination with radiation or 
chemotherapy |12J7U In the future, these com- 
bined approaches will become more common. 
A unifying theme of combined therapy to date 
that needs emphasis is that drugs such as cispla- 
tin» 5-FU, the acid ceramidase inhibitor 
LCL204, or radiation, all have one thing in 
commoru they elevate intracellular levels of the 
tumor suppressor lipid ceramide(6i^z|. It is the 
author's contention that combining gene ther- 
apy with agents that generate ceramldc and 
shift cancer cells to a pto-apoptotic phenotype 
will prove to be translatable to the cancer clinic 
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Abstract 

Cell-type-restricted transgene expression delivered by adenovirus vectors is highly desirable 
for gene therapy of cancer, as it can limit cytotoxic gene expression to tumor cells. However, 
many tumor- and tissue-specific promoters are weaker than the constitutively active 
promoters and are thus less effective. To combine cell-type specificity with high-level 
regulated transgene expression, we have developed a complex adenoviral vector. We have 
placed the tetracycline transac-tivator gene under the control of a prostate-specific ARR2PB 
promoter, and a mouse Tnfsf6 (encoding FASL)~GFP fiision gene under the control of the 
tetracycline responsive promoter. We have incorporated both expression cassettes into a 
single construct. We show that FASL-GFP expression from this vector is essentially 
restricted to prostate cancer cells, in which it can be regulated by doxycycline. Higher levels 
of prostate-specific FASL-GFP expression were generated by this approach than by driving 
the FASL-GFP expression directly with ARR2PB, More FASL-GFP expression correlated 
with greater induction of apoptosis in prostate cancer LNCaP cells. Mouse studies confirmed 
that systemic delivery of both the prostate-specific and the prostale-specific/tet-regulated 
vectors was well tolerated at doses that were lethal for FASL-GFP vector with CMV 
promoter. This strategy should be able to improve the safety and efficacy of cancer gene 
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therapy using other cytotoxic genes as well. 

Abbreviations: prostate-specific promoterAbbreviations: tetracycline expression 
systemAbbreviations: combined regulation Abbreviations: expression amplification 

- To whom correspondence and reprint requests should be addressed Fax: (843) 792-2464. 
E-mail: dongj@musc.edu. 
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